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Sunday, February 26, 2012 189abatteries and nanotransistors. However, these applications have been only ex-
plored under controlled laboratory conditions. The limitations of biological nano-
pores such as lack of stability, non-specific binding, and in some cases undesirable
pore size are hampering their applications in uncontrolled environment of the real
world, where extreme temperature and denaturing conditions are often encoun-
tered. As a significant number of these biological pores are b-barrel membrane
proteins (porins and a-hemolysin), we have developed a statistical mechanical
model from detailed combinatorial analysis of natural b-barrel membrane pro-
teins. Our computational method can identify weakly stable residues and
protein-protein interaction interfaces [1]. It can also be used to generate enhanced
porins with increased stability. In the case of human Tom40, weakly stable resi-
dues were replaced with stable residues, which significantly increased the resis-
tance of the protein to thermal and chemical perturbation [2]. Moreover, by
engineering mutants based on computational predictions, we were able to abolish
the protein-protein interactions in human Tom40 [2] and a bacterial porin OmpF.
Our framework can also be used to study the assembly of multichain b-barrel
membrane proteins into a single b-barrel. It is envisioned that by understanding
the assembly mechanism of these proteins, a single b-barrel from desired number
of interacting chains can be engineered. This will help to design nanopores with
desirable pore size along with improved stability and functionality. Our method
is general and can be adapted to many natural b-barrel porins.
[1] Naveed et. al. Proc Natl Acad Sci U S A, 2009. 106(31):12735-12740.
[2] Gessmann et. al. J Mol Biol, 2011. 413(1):150-161.
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Gel electrophoresis is among the most widely used techniques for separation,
characterization, and purification of proteins, nucleic acids, and other molecules
including peptides, amino acids, and nucleotides. Electrophoreticmeasurements
can rapidly and reproducibly characterize the size, charge, shape, and purity of
these molecules. In this work, we present new measurements of electrophoretic
mobility of the protein bovine serum albumin (BSA) in agarose and poly-
acrylamide gels, using an optical technique that employs a modified spectropho-
tometer. Themolecular transport rate of BSA due to imposition of a known elec-
tric field is investigated in (2-6 %, w/w) agarose gel as well as in (5-15%, w/w)
poly-acrylamide gel. By directing the collimated light of the spectrophotometer
through a gel/proteinmatrix,we characterize themolecularmotion of the protein
under the influence of an applied electric field. We thereby measure the electro-
phoretic mobility of BSA in agarose gels for the first time, and compare these re-
sults directly with the BSA mobility measured in poly-acrylamide gels.
This work performed under the auspices of the U.S. Department of Energy by
Lawrence Livermore National Laboratory under Contract DE-AC52-
07NA27344.
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We report a DNA zipper based actuator device termed ‘DNA- spring’ with tun-
able and repeated cycles of extension and contraction ability. DNA zipper is
a double-stranded DNA system engineered to open upon its specific interaction
with appropriately designed single strand DNA (ssDNA), opening of the zipper
is driven by binding energy differences between the DNA strands. The zipper
system is incorporated with defined modifications to function like a spring, ca-
pable of delivering ~9 pN force over a distance of ~13 nm, producing ~116 kJ/
mol of work. The spring described here consists of four DNA oligonucleotides
totaling 244 bases that utilize ssDNA to trigger its extension and contraction.
Time-lapse fluorescence and fluorescent DNA gel electrophoresis analysis is
utilized to evaluate and confirm the spring action. A second zipper incorporated
into the spring provides the ability to couple/decouple to an object/substrate.
Such devices would have wide application, including for conditionally trig-
gered molecular delivery systems and as actuators in nano-devices.
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Azobenzene is a photochromic molecule that undergoes rapid and reversible
isomerization between the cis- and trans-forms in response to ultraviolet (UV)
and visible (VIS) light irradiation, respectively. Previously, we have cross-linked reactive cysteine SH1 and SH2 of skeletal muscle myosin subfragment-
1(S1) with the sulfhydryl-reactive bifunctional azobenzene derivative,
azobenzene-dimaleimide (ABDM) and succeeded to induce lever arm swinging
reversibly by photo-irradiation. The results suggested that it might be possible
to control or drive motor proteins by light irradiation. In the present study,
we have employed photochromicATP analogues that change its structure revers-
ibly by light irradiation in order to photo-regulate function of myosin.
Phenylazobenzoyl-iminoethyl-Tri-Phosphate (PABITP) have been designed
and synthesized. PABITP was hydrolyzed by skeletal muscle myosin
subfragment-1 (S1) and induced dissociation of acto-myosin. Formations of
S1-PABIDP-Pi analogues (AlF4
-, BeFn) ternary complexes that may mimic dif-
ferent transient states in ATPase cycle were examined. The formations of the ter-
nary complexes were monitored by competing with fluorescent ADP analogue
Mant-ADP. Trans PABITP formed the ternary complexes with AlF4
- and
BeFn. Interestingly, formation of S1-PABIDP-BeFn was saturated at 50%. It is
known that there are two species of BeFn, which have different number of fluo-
rine. One of them forms M*ATP state and the other forms M**ADPPi state.
As S1-ADP-AlF4
- ternary complex mimic only M**ADPPi state. Therefore,
trans PABIDP forms predominantly ternary complexes mimics M**ADPPi
with BeFn and AlF4
-. The photo-isomerization to cis PABIDP by UV irradiation
decreased the stability of the ternary complexes.The results suggest that transPA-
BITPmaymimic transient state ofM**ADP-Pi state and isomerization to cisPA-
BITP induced transition to other state in ATPase cycle.
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Enterovirus 71 (Ev71) is a viral pathogen that may make children morbidity and
mortality within 2-4 days after development of rash. Early detection of Ev71 can
reduce mortality rate and neurologic sequella of infected children. At the same
time, the incidence and prevalence can be reduced by early isolation Ev71 car-
riers.Conventional detection device is not sensitive enough for early detection of
Ev71. It is known that the AC signal of electrochemical impedance spectroscopy
(EIS) provide more information for detecting the small amount bio-molecules,
such as protein, RNA andDNA. In this study, we have created a portable electro-
chemical impedance spectrometer and a specific probe for rapid and high sensi-
tive Ev71 detection. The antibody and deactivated virus samples are obtained
from Centers for Disease Control, Taiwan, R.O.C. By EIS analysis, the differ-
ence between Ev71 and Coxsackie A16 virus (CA16) can be characterized
and the detection limit for EV71 is as low as 29.8 /50ml. At the same time,
the over all detection time can be finished within ten minutes. This is the
most sensitive and rapid Ev71 detection platform to our knowledge.
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The ability to design highly specific protein binders to disrupt protein-protein
interactions would have immediate application to treatment of many diseases
and for the dissection of protein-interaction networks. We recently developed
a general computational method for the generation of de novo protein binders.
Our methods focus on the incorporation of ‘‘hot-spot’’ residues onto protein
scaffolds to generate protein binders to specific epitopes on proteins of interest.
We demonstrate how combinations of a small number of newly generated high-
affinity sidechain interactions with the target epitope of human IgG result in
a new set of Fc binding proteins with new characteristics. By applying directed
evolution methodologies via yeast surface display and deep sequencing, we op-
timized successful designs and explored their propensity for new properties,
such as pH dependence and specificity for antibodies of different species.
Our computationally designed and evolved proteins will have direct practical
applications, such as providing new material for affinity chromatography for
the purification of various antibodies or Fc-fusion proteins.
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Giant unilamellar vesicles (GUVs) are an excellent model system for the inves-
tigation of lipid membranes, the study of membrane proteins and ion channels in
